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This is the first of a series of reports relating to the propage~

tion of (W pulses through tho ocesn. At the present writimg thrse sets of

-»m,‘:wax~‘m;.~:ra,a‘}..w;‘q;;;\‘;wmﬂ.é ity

experiments have alrsady boem performed. For this reason the discussioa will

gy gat sl dhin

sot be stricily chronglogical., Results of later experiments will be utilized

G

it o SN e

whersver convemlent, and post references will be clted.
By a CW pulse we mean a short burst of simusoildel scund from a
source operating at its resonant freguency. Short bursis are used in order

to provide isolation of arrivals which have traveled by ssparato paths, e.g., _
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direct, surface reflected, bottom reflected, ami mltiply reflzcted,

To date tho experiments have baen largely pllot ones to locate in-

terssting phenomena ard to determine what paramsters ars suitsble for char-

acverizing the arrivals, o

Hany theorsticel and experimental report;(‘l."ﬁ‘}/mm bean written
concerning these problems and the related ones of contimucus wave tranamission.
Al pulsed work mf?renced hersin hss been concerned with the propagation of
high-frequency ( (%\ 10 k¢ ) sound waves; morsover, very litile has been 1o-
ported concerning the fluctuations of surface arrivslsc,

This report is concorned with the transmission aml reflection from
the surface of low-frequency (126, 148, and 169 cps) sourd waves. Two wain
configurations of source and receiver wers used., In thp_ _Augnat 1958 experi~
nent (to be referred to es Op. 74) and during phases of the Jamary 1959 (Op. -
81) and August 1959 (Op. 91) experiments, the sgurce was within a few wave-
lergths of the surface, whils the receiver was in the dosp sourd channel.

This conflguration allowed a study of the suporposition of the direct ard
surface~reflected arrivals, and in partienlar the effect of the relative
phase shift betweean the twe or tho energy recelved at the hydrcphone amd on

the melative fluetuantion

p = gtandard deviation or J p2 at
[average value of f p< dt]<

in wvhich p is the scoustic pressure.

The other configuration of scurce and receiver, which =as used
during tho rest of Op. 81 and Op. 31, involved both & source and a receiver
near the axis of the desp sound chammel (2000-3000 ft deep)., Thim allowed &
study of the direct arrival, surface~rafiected arrival, and bottom-reflected

arrival individually, since the differences in travel times slong the three
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paths were considerably greater than the pulse length,
The three exporiments will be presented in separate creports, tut
their interrelations will be introduced vherever needed.

Experimental Procedurs §

Operation 7, tock place off the coant of Bermuda, Two sets of

R

hydrophones were used: one peir to be designated as Cy amd Cg , the other
as Dy ard Dg o Ths C pair werse bottomed about 150 ft apart in 3840 fi

o
Bz L AT LA

of water. The D pelr wore bottomed in 1440 £t of water at about 4300 yd

from the dezp set. Throughout the area the tottom is irregular.

Jhe source, an electromagnetic noisemaker, (8) was suspended at a

depth of 55 £, The CW pulses were produced by gating 15 cycles of & crystal-

o Lo ke O Ty RN

controlled frequeny intc the source. This frequency, 148 ¢ps, was chosen to

FISITITN

correspord to the mmsonant frequency of the transducer. The Q of the
transducer was kert low so that essentially full amplitude could be reached
in 4 or 5c3cles, The pulses wers repeatad every 6 seconis.

Two of the four pignels were filtered through Gertéch filters set
to pasc a band jrom 106 to 212 cps and wers resorded on & dual channel FM
Ampox 7ips rec:rder. Ume chammel recorded Cy at all times. The other
chomel recorled Dy whenever it deliversd a signmal clearly above background
roize. For the rest of the timo Cg was recorded,

No monitor hydruphone was mounted near the mnoisemaker. However,

nayy of the arrivals recorded at short ranges are axtremely well shaped,

vising to 8 maximum amplitude in 4 or 5 cyles, remaining at & stable amplitude
for a totsl of about 20 cycles, amd then dropping to zero at about 30 cycles,
Flgure 1 shows e typical well-shaped pulse., (The radiated pulse is assumed

to rosemble this simple shape closely.)
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2’ Fig., 1 A typical well-shaped pulse.

The ship carrying the noisemsker alternastely drifted amd crulsed

pest the hydrophones 8o a8 to pressnt & large variety of aspects. The

~ smoothed track used for data processinrg is shown in Fig. 2. i
E-!

The ship’s position was determined by correlating fathometer,
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%
redar, transit, and travel~-time measurements., The extrems disagreement %
between the fixzes determined by the various methods was 500 yd. The smcothed 3

track 1o ootimated tv be sigmificawt to 150 yd.

The dats recorded on the Ampex was played back at half speed ard

recordad by a Bruah psawriter. Compariscn with recordings on a high speed

photographic oscillograph irdicates that the Brush record is adequate (half

speed yields a frequency of 1.8/2 or 74 eps, which is about tha upper fre-

N SRR

quency limit of the Brush). The data was also played back half speed

s gl

R
through a Gertsch filter (53-106 cps) and a Philbrick squaring and integrat-

L

ing circuit to obtain f p2 dt , which is g measure of the energy cuntent.
The arrivals have been studied with respect to shape, energy content

( p2 dt), and the fluctuation of energy comtent. Unfortunately the fact that
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Fig., 2

B Course of transmitting Ship during the bermda operation. D

N 3
J, and (YN C, refer to the rairs of nydrophones used in the
experiment,

-5.

N - -

. - - 3 , s

- - AR A T e A B S B BT '
- = RS 33 o o i T AT # iy R 3 SO N2

N e NN




I o i AT 1 AT R IR SR iy WA R T
S : A Al g MR OABS AN Pus

e I R 5 NG Y TP
AR WO T SR e

T

)f‘

. ”“ u ;
@@ﬁﬁﬁﬁﬁ&p‘ﬁﬁawﬁmﬁﬁwﬁaﬁﬁkm&%&wﬁ@m&%&ﬁﬁﬁkﬁﬁﬁ

R

the hydruphones lay om & cough bottom maskes it impossibls to be certain that

e s s o

sone ¢f the cbasrved offects are not due to the rough bottom, rather than
corditivns withir the water oxr at the sea-ai. . aterface, Nevertheless, since
the hydrophores lay on a 20-deg slope, it is assumed that offects which aro

relativoly indepordent of aspsst are mot primarily dus to the botiom.

Resulta

The discussion is based on pulses received by the Oy hydrophone.

The arrivals at the three other hylrophones behaved similarly.

AN

A destructive interference occurs vhen two signals, approximately
180 deg out of phase, are superimposed. Since reflsction off the water sur-

face produces a 180~-deg plase shift, any two sound paths, one direct amd

ey YA LS b

one reflected off the water surfece, that differ ia travel time by n/f

e

(where f 1is the fioquercy used and n , a small integer) will produce 2
minlwow signale

In this erporiment many arrivals wers obzoxved which showsd de-

structive interfersnce, Figures 3, B, C, end D zre typicel of whai

we have labeled very stromg, strong. medium. and weak destructive intarfere

% TGt Pty Ll b7 G0 o 0y Byt et

ence, All four patterns were taken within a few hundred yards of wach other

in an arsz of strung destructive interference.

Figure 4 shows the deyres of a destructive interfererce a3 a function

of range., Since Fig, 4 18 a composite of four passes near the hydrophone,

A
A

3

3

3

¢

N

the compact grouping of the datsa is an indication of tho accuracy with which

the track is knuwn.
Figure 5 also indicates the locatiom of the interfarence zones,

Hers they show as regions of low intensity level and high intensity [luctua-

e come wn .~ s,
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tion.® (Each "run" extends from & point ol closest eprroach to a point of
greatest separation from hydrophone Gy .) Tuns 3 and 8 represent the two
longest condecutive reconds ard alzg, respectively, the worst and best cor-
relations between signal lsvel and signal fluctuation.

Ascuming that the water is homogeneous with a sound velocity of

04 17 o ket S 48 G s et AR L Y S fow thaared

4970 ft/sec, and that the rangs of 500 yd as read from Fig. 4 is precise,

oth e dg s

one calculates that the svurce was at a depth of 53.3 ft. The 2ominal depth

was 55 I't, a8 measured by the depth gauge. The 500 yd corrssponds to a path

1 g s gt B S

difference betweon the direct and reflected rays of 3 A . The calculated
rarges for 2 /\ amrd /k are 1630 yd and 3970 yd. These figures are too
high to fit the observed valuss, which wers 1500 yd and 3700 yd, respectively.
On the chance that these discrepancies might be due to refractiun,
& ray tracing was made using the Bermuda velccity ard temperature profiles
obtained on this experiment. Figurs 6 shows velocity and temperature plotted

against depth. This structure was obtained as follows: Batkythermograph rec-

gt g el s et (e - b e b Ll §

ords taken at the time of the expsriment and extemding to a depth of 900 ft

Shes 0 Wb
S i Ly

wore fitted to deepsr data..(9) I'rom these ray tracings irtsrference minimg

7,

SRl

were predicted for 300 yd, 1540 yd, and 3200 yjd. The first two values fit

»
i

very wall. The last is tco small. The range of this interference region,

as determined in three succesaive passes, was 3.5 kyd, 3.5 kyd, and 3.75

3

kyi. The first ard second rasses are loag by 200 yd, and the thivd by 450
yd. The discrepancy may be due to crrore of nevigation and & wrung choice

of velocity prufile.

#* The methods {or determining intensivy levels ard fluctustions =11l be
described in mors detail in ‘the second oI tnese rgporisS.
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‘igure 7 shows a typical sequence of three pulses within a destrue-
itive interference reglom. Pulse 85 shows strong destructive interference,
tut the almost completely destructive portion is of short duration. Fulse 86
shows only & rather weak destructlve interference. Un the othar hand, Fulse
87 shows complete destructive interferense for the greater part of the pulse
Jangth,

4%side the zones of destructive irterference the interfererce
pstterns resulting from the superposition of the direct avd surface-reflected
beams chuange gradually in a systematlic way. At close ranges the received
pulse i3 well shaped. showing & rapid rise to s mavimum agplitude which re-
meins gtable for the mumber of cycles transmitied, or in some cases for a
few additionel eycles, after which the pulse falls rapidly to zero. As the
range increases from 3 to 8 kyds, the square symmetrie shape gradually decays,
the rise becomes less steep, and the top less flat. Figure 8§ shows very well
the affect of increase in range on the pulse shape.

NMumbers ecanngt sdequabely describe the changes in pulse shape.,
However, an attespt was made. Three mumbers were ussd to describe the pulse

shape: the rise time, the time from the start of the pulse until the start

of the falloff, end the total pulse length a8 received; all in terms of the

nunber of cycles. These quantities sre called s, b, ard ¢; respectively.

keference to Fig. 8A will clarify the meaning of these terms, whsce &, b,

[N

ard ¢ have the values 4, 22, and 36,
Flgure 9 shows the averags rise tims, time until felloff, and pulse
length 85 a fumctlon of range. Systematic tr..ds are apparent. To test

whether these trends occur in aach individual run amd to determine, 1f poSsi-

ble, the causes of thems trermds and ebrupt changes, the average rise time,
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time until falloff, and pulse length wera graphed as a functior of range
for each of the thres main runs. Each run represents a passage from 0.5
kyd or less to 7.4 kyd. igure 10 shows these graphs, We note that
although the differcnces between the rums may te quite great at certain
range3, the genersl trends are the same for all three runs. The rise times
increase sharply at 3.8 kyd, only to fall very svon. The time to falloff
tends to incroase with range umiil 1.3 kyd and then to decreass irregularly
out to the maximum range, where it becomss approximstely the pulse lengih
as transmitted, The pulse length from 0.2 to 3.0 kyd is about constant,
but irregularities in the lexmgth tend to repeat from run to rin. The leugth
drops rapidly at about 3.5 kyd, has a slight maximum at 6 kyd, and then
decreases out to the maximum range.

It should be noted that the rise time is shorter in a destructive
interferance region than im other regioms. This is probably due to the
definition of rise time used for computation: rise time is the mumber of
cycles until the pulse either flattena out or starts a temporary fall. Note
that the rise time increases very strongly for rangas slightly greater than
the range for the 1-A interference. There is some correspordence alsc
between the destructive interfersnce regions and time until falloff and pulse
length,

The arrivals do not show large erratic phase (frequency) changes.
Therefore, it ic probable that the rapid changes in the sppearance of the
interfarsnce patterns in destructive areas are due to erratic changes in the

amplitude of one or toth of the component arrivals.*

* F, H. Fisher (1960) rsports ligtle corraspomisnce between amplitude and
phase shift in S-ke pulaes,(lo
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Viscussion vith .(elation to later Experiments }

The results of later experiments (Op. 81 ard Op. 91) yield g gued

O

qualitative explanatioa of' the relation between sigmal level and signal

fluctuations. An exemination of separated direct ard reflected arrivals
shows that direct arrivals are very stable in shspe and amplitude. However,

the reflected arrivals shcw rslative fluctuations which decrease as the angle

of ircidonce imcresdss. 2% 30-dog incidence the relative {fluctuation in the

e

* reflsction of o 182.cps signsl is of the order of 20 percent (Jamuary 1959).
? If steble axd unateble siinals of roughly aqual aversge amplitude
are added in phase, the sum will be feirly stabls, However, i they are
added 180 deg out of phase, the signal rsceived i almost solely the differ-

ence in amplitude. Thus the interference pattern ig very erratic, and the

rolative fluctuation should spprosch 100 percsat, These predictions fit the

obzervations very closealy,
The dnte will not fit a simple dipole model consisting of a source
and a singls stable imags. Such s medel doos sccount for the rough location

of the areas within which destructive imberference will bs observed. But

i S P R B L A P s R S o D R e S A B S S AR B S SRR S DR %

PR

the random intermiyxing of large and small amplitudes and the widely varying

§
eavelope shapes cequire ar uustable image. :;

? ' The dipole modsl predicts that the risa time should decrease with f;
i ? range as tﬁ;a phase difference of the direct and reflected arrivals decrssaages, g
| {A full 3-cycle decresse is expected between zero range and infinity--effac- g
tively 7000 yd.) The reverse is observed. This could be sccounted for by };ﬁ

assuming that the envelope of the reflected pulse tends to lose its flat top ;

and to become more and mora rounded as the angle of incidence incresses. The e

large and abrupt increase in rise tims at the third interference minimum ie ﬁ*
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neither expected nor explained.
The dipole mcdoel assumes that the time until falloff should also

decrsass with renge. The effect 18 in the right direction btut is three

times a3 large ss expected. Again, rounding of the reflected pulse vould

G xr. it

yield qualitative agresment, 3
The pulse length should al=c decreass by the seme amount (3 cycles), f';f
: but it increasss instead out to the third interference mirdmum, at which f:%
’ point it suffers a large decrease. 4 further decrsace with range should be 2
expscted. as the signal recedes into the background, This was not observed, ;g
This could be sccounted for by assuming that the prucess of reflection pro- }«
l_ longs the pulss, ;Z;
- Later exparivents in which the reflectcd pulse is separated from f;!
the direct do show that the reflection process temds to round the sharp ;-:j

shoulders of the transmitted pulse. However, this rounding often cceurs ;f

at normsl incidence ard the offect of incraasing the angls of incidence %1

has not, besn investigated siatistically. g

; There is no information availeble at present as to possible pro- ;

Z longation of the pulse by reflection, Such measuremente have a top priority ;

in curreat plans.
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